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RESEARCH ON THE NATURAL ACCRETION COVERING
PICTOGRAPHS IN THE LOWER PECOS

Jon Russ,' Richard P. Timm,? Cynthia Kenny,* Kirkland Hodge,?
and Warna Kaluarachchi ®

‘Department of Chemistry. Arkansas Stafe University, Jonesboro. Arkansas
*Department of Chemistry. Sam Houston State University, Huntsvifle, Texas

ABSTRACT

The extraordinary pictographs in the Lower Pecos are often covered by & naturally occurring crusi con-
taining whewellite. While this crust obscuras ine ari, it could aciually protect the paini. The lichen tha: produced
the wnewellite apparently flourished in the region during dry ciimatic periods and could serve as & source of

paleoclimate data.

INTRODUCTION

It has been almost three years since | presented
“Research on the Natural Accretion Covering Rock
Art Painiings in the Lower Pecos,” coauthored with
my students, Richard P. Timm, Cynthiz Kenny,
Kirkland Hodge, and Warna Kaluarachchi, at the
first Trans-Pecos Rock Art Symposium. Since then
my colleagues, students, and | have coniinued io
study the rock crust associated with the Lower
Pecos rock art. The resulis of our research have
given us a better understanding of the rock surfaces
on which the ancient paintings occur, ang we have
also found a potential means for reconstructing the
climate history of the region based on properties of
the rock crust. These recent findings are significant
enough to warrant adding them tfo this paper.

In most cases rock suriaces that coniain prehis-
toric paints are not siatic bui are instead active bio-

geocnemical sysiems. The rasult of this activity is
the formation oi crusts on the rock suriace. Tnese
natural accreiions ofien cover the prehisioric paints,
sometimes proieciing them, bul alse causing them
to appear fadec. Because the processes that form
the accretion may afiect the paint materials, accu-
rate and raliable analyses of the paints require that
we undersiand the relaiionship between the paint
components and the natural rock substrate-accre-
fion system. This information is also particularly
imporiant for developing informed conservation
strategies.

One oi the primary componenis in the rock crust
associated with prehistoric rock painis in the Lower
Peceos is the calcium oxalaie mineral whawellite
(Russ et al. 1894, Russ et al. 1985). Uniil recently
whewellite was considered rare in geological envi-
ronments, bui it is now known to be common in
accretions on rock surfaces, having been discov-
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Figure 1. Optical photomicrograph of a

thin-sectioned sampie ‘hat contains grehistoric rock paint. The image

shows (7) the limestone substrate, (2) roci crust below the paint layer, {3) the zaint layer. and (4) rock crust
above the paint layer, illustrating that the crust 2ncapsulaties the oainr.

sred in ltaly, Austraiia, and in the scuthwesiern
United States. The source of the whewellite is siill
deing debated; however, research Dy cur group n
the Lower Pecos and Alan Watchman's work in
Australia (Watchman 1990, 1891} clearlv indicate
ihe whewellite has a biological origin. In iact, radio-
carbon ages of wheweilite in thick (> 1 mm), strati-
fied rock crusts encapsulating arehisioric szinis in
Australia allowed Watchman to @stablish the age of
a pictograph at nearly 25,000 years old (\Watchman
1993).

DESCRIPTION OF THE ROCX ART CRuUsT
ASSOCIATED WITH LOWER PECCS
PICTOGRAPHS

The vast majority of limesione suriacas inside
reckshelters and under rock 2JVErnangs .n the _ower
Pecos are covered with the wneweilite-vich srust.
Gypsum, quartz, and clays are the ather principat
components in the accretion. At sites with rock ar.

he crust sncapsuiates *he cainis causing ‘*he pic-
-0grapns ‘o appear ‘aded or, in at jeast one site, t

Je sompietely obscured from view {Figure 1). The
crust is typically less than 0.5 mm but sometimes up
‘@ 1.00 mm thick and imparts a yellow to brown
color 10 YR 7/4 10 5 YR 4/4, Munsell designation)
‘0 the iimestone. The surface of the crust is irrsgu-
iar with >otrvoidal zng Spherical protuberances
2xtending about 0.3 mm above the surface. The
morphoiegy of these surfaca feaiures resembies
that af 2 'ichen found inside wo rockshelters in the
"egion and ‘dentified as .dspicilia caicarea.

Crust sampies studied in Cross section using an
Jprical micrcscope and a scanning siectren micro-
scope (SEM) usually showed a single laver of crust,
thougn several had distinct stratification. RPictegraph
3amples 3isc contained a thin 230-100 um 0.03-0.1
TIM), S8RUNLCUS Jaint laver ‘ncorocrated within the
TTUSL N & srevicus siudy Zolensky i3 982) identified
the paint pigments as iron oxides ior red paints and
Tmanganese oxides for biack paints. We also
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observed iron and manganese in the paini samplas
we studiad, as well as a high incidence of ciay mate-
rials in the paint layer. This indicates that the source
of the piaments either had & high clay concentration
or this componeni was added o the paint mixiure.
Cloties (1283} used characteristics of clay materials
tha: were added to prehisioric paint mixwres 10
associate diffiereni pictograph motifs at several sites
in France, 2 method that could be fruitful in studying
L ower Pecos rock ari. It is commonly belisved that
an organic material was also added to ancient paint
mixture to act as & vehicle and/or binder for the min-
eral pigments, but no direct evidence for such an
additive has been obtained. Recently, howsver, my
colleagues and | analyzed a paint sample using &
ET-Raman spectrophotometer and established the
first analvtical evidence for organic matier in Lower
Pecos paints (Russ et al. 1885).

Using a SEM witn an energy dispersive X-ray
analyzer (SEM/EDS). we established the distribu-
tion of quarz, gypsum, and clays ir the crust and
the relationship between these materiais and the
paints by mapping elements characteristic of the
minerals in polished thin sections. Quartz was found
primarily in the substrate, as were most oi ine clays,
indicating that the limestone on which the paintings
occur is highiv siliceous. Gypsum was found io
occur throughout the crust and in voids anc fissures
in the substrate. This occurrance gives iuriner evi-
dence thai the gypsum is the result of seiflores-
cence/subflorescence processes (Turpin 1982;
Labadie 1990). Furthermore, the gypsum is inti-
maiely associatec with the paints, generaliy occur-
ring above, within, and below the paint layers. We
alsc established that the whewellite occurs only in
the crusi and not in ihe substrate, and generaliy in
contact with the ancient paints. High magnification
SEM images of the crust revealed tnat the
whewelliie is microcrystalline, with tabular gypsum
crystals occurring as layers and intrusions into the
wheweliite phase. The crust also containad traces
of clay, as indicated by aluminum and siiicon peaks
in EDS spectra, but no clay particles were observed
using SEM. Evidence of microorganisms in crust
samples were rarely observed, although Kalua-
rachchi (1985:67) noted what appeared 1¢ be cocg
bacteriz in one of five Lower Pecos paini samples
she studied using SEM. This paint sample came
from Site 41VV75.

Qur studies of the pictograph painis have
focused or very small samples collectec at three
sites: tharefore, our results may not be pariinent for
all rock art sites in the Lower Pecos. Howsver, we

have studied samples of rock crust from more than
40 siies, and there is & remarkable consistency of
the characteristics of the crust at each of these

siies.
ORIGIN OF THE WHEWELLITE-RICH CRUST

Prior {o the Holocene the primary weathering
that occurred inside Lower Pecos rockshelters is
thoughi to be limestone spaliing induced by freeze-
thaw cycles (Kochel 1982:268). Amelioration of the
climate during the late Pleistocene—early Holoceng
aliowed the limastone walls inside the sheliers 1
stabilize (D. G. Robinson, personal communication
1995), and they have remained stable despite xeric-
mesic climate fluctuations in the mid to late
Holocene. The presence of intact Pecos River styls
rock art in over 200 rock art sites indicates that
many shelier walls have remained stable since at
least 2950 fc 4200 years B.P.. the “C ages estab-
lished jor the rock ari siyle (Russ ei al. 1980; Russ
et al, 1892; liger et al. 1985). Thus the rock art sur-
faces have had thousands of years for the crust o
form.

In previous reports we argued that our evidence
indicated & biological source. likely a lichen, for the
whewellite in the Lower Peccs rock crusi (Russ
1094: Russ et al. 1994; Russ et al. 1995). Although
mos: of the samples we studied showed microcrys-
talline whewellite with nondescript morphologies,
we racently observed whewellite micro-structures in
samples from Sites 41VV576 and 41VV128 that
resembie the thallus of A. calcarea (Figures 2 and
3). Furthermore, whewellite features on the crust
surface resemble the surface of this lichen. A. cal-
caree is a likely source of the whewellite since it is
an epilithic lichen (grows on rocks) known to occur
on limestone, produces calcium oxalate, inhabits
cool or warm xeric environmenis, and does not con-
1ain rhizines (Poslt 1873:612; Wadsten and Moberg
1985). (Rhizines are hyphae that penetrate the rock
on which the lichen grows.) Since the paint layers
below the crusts are continuous and not disrupted,
it is expected that the lichen that produced the
whewellite did nol have rhizines. Furthermare, we
have found this lichen inside two rockshelters in the
Lower Pecos, evidence that this organism can sut-
vive in these special microenvironments (Russ &t al.
1998).

PALEOENVIRONMENTAL IMPLICATIONS

Whewellite was found to be ubiquitous on sur-
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faces in shelterec areas tnroughout the _ower
Pecos (Russ e al. 1825), covering vas® argas of
iimestone. Tnie proiusion Indicates tha! the nchan
thar proaucec the oxalaie mineral flourisnec 1= ini
particular nabiiai. Since Aspicilie are xeric lichen,
the wheweallite was likeiv producec primarilv auring
drv chimais peniods. specificaly whan the subsiraie
was drv. Under these conditions the organism wouid
obiain its reguisite moisiure by means o water
vapor uptake (from dew or fog). 2 mechanisiv. Uss

by & varisw of deser: licher (Kapper 1972: _angs
1988). The oxalate coating produced by the lichen
benefits the organism by retaining warer anc reduc-
IN¢ the caicium concentration of the water or the
rocr suriace (Wadsten and Moberg 198Z; Wnitney
and Arnot: 1987},

During wet pericds the vitality of the lichen would
be severely reducec due to & variety of physioiogi-
ce! reasons. including responss ¢ freezing waier
(happer: 1878:328). an imbaiance in waier condi-
iicns tnat ssverely limite the vialitv ol eitne- the
iungi or aigal components of the iichen (Kaopen
1873:325;. and inundaiion with water from: thz sub-
strate saiurated with calcium ancd sulpnais ions.
Thus during mesic conditions the organism wouic
be stressec. reducing orowth and oxalate proauc-
tiori, while gypsum woulc be depositac on tns crust
suriace anc I voids lef: by decaving iicner matier
(... efilorescence/sunilorescence).

Irn Figure £ we show 14 radiocarbon ages o tn
whewellite plotted in temporal profile. This pio
shows four primary clusiers o' daies. We suggsas:
tnai “C age ciusiars correspond ¢ periods 07 onv Sii-
maie, wnile gaps in tne gata indicate wel pariods.
iMost of the ciusters correlaie with drv ciimais
episodes prediciec by Johnson anc Goode 1894)
pased on gsomorphological, paleonioclogica.. anc
palynoiogical data mostiv irom the eastern Edwards
Piatear in Ceniral Texas. The gaps in ths aqaie,
which we sugges! indicaie wei climaie episcass,
also correlaie with Bryani and Holloway's (1985)
paleoclimate model for southwest Texas. Thei- evi-
dence, based on palynolopical daia from archeoiog-
ical sites in the Lower Pecos, indicates & brief mesic
interlude at about 2500 years B.P. This briei we: cii-
mate eplsode corrasponds to & gap in our date from
2080 1o 2730 yvears E.F. Two other gaps in ou- daia.
from 1330 1o 1640 years B.P. and irom 3220 1c 388C
vears B.P.. correspond 1o periods when the numan
popuiation in the Lower Pecos were al maxima
(Turpin 1990;,
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Figure 4. Temporal profile of 14 radiocarbon ages
irom whewellite samples collected from Lower Pecos
rockshelters. We hypothesize that each cluster
reflecis periods of drv climate, while gaps in the data
indicate wet climatic conditions.
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CONCLUSICONS

The paints of the extracrdinary rock art in the
Lower Pacos are encapsulated within a natural rock
Crust composed primarily of whewellite and gypsum
on a silicecus-rich iimestone Substrate. The ancient
paints are incorporated within this crust, which prob-
ably protects the paintings from weathering at the
surface but causes them to appear faded or
obscures them altogether. The majority of deteriora-
ifon of the paintings seems to be exfoliaticn of the
limestone substrate, not necessarily the crust itsalf,
but it is still unknown as to the cause of the exiolia-
tion. Future conservation research should be direct-
ed toward understanding these spailation mecha-
nisms. However, unless particular pictographs are
in peril of being fost to natural agents, efforts to
‘emaove or freat the erust-containing paints should
te avoided. Such treatment could eliminate valu-
zble information regarding the cultures producing
the art and the environment in which they lived.

Evidence indicates that whewellite was pro-
duced on the limestone inside rackshelters by the
desert lichen species Aspicilia calarea during xeric
climate episodes. We hypothesize that the vitality of
the organism waxed and waned in response to dry
10 et climate shifts experienced in the region. The
lichen produced the stable calcium oxalate
(whewellite) residue on the shelter walls during dry
deriods that can be radiocarbon dated to sstabiish
when the lichen flourished; thus the oxalate sarves
as an indicator of past xeric climate regimes. Based
on 14 radiocarbon ages of the whewellite, we infer
wet-dry climate fluctuations during the last 5700
years 8.7, that are in good agreement with models
established for southwest Texas. Since our recon-
struction is based on = completely independent
mechanism—the vitality of a lichen—it should pro-
vide a usefui cross-check Gn paleociimate models
based on other avidence. Furthermore, the ubiquity
of the whewellite rock crust in natural environments
suggests this technique may be 3 potentially vajy-
able pafecclimate indicator of wide applicabiiity,

The preiiminary palecclimate reconstruction we
propose is interesting in that it indicates an approx-
imate 1,000 vear wet/dry climate cycle for the Lower
P=cos. Furthermore, =ach major culturaj shift,
defined in Hester's (1288) reconstruction of cultyral
chronelogy, occurred during a period of whewellita
orcduction. Or, put another ~vay, during each period
that the lichen ilourished in Lower Pecos rockshel-
ers, there was a Cerresponding cultyral change.
That there is g Calse-and-effect relationship

between culturaf change and climatic change is car-
tainly not a new concept; however, our evidenca
may indicate that minor climaric fluctuations could
precipitate major cultural respenses. YWe semphasize
though that there remains considerable research to
test our hypothesis,
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